New explosives and propellants for naval weapons applications which combine increased performance in combat and enhanced safety in handling, are required for the new generation of weapons systems now under development. A new energetic material with potential explosive and propellant applications, t:mns-l,4,5,8-tetranitro-l,4,5,8-tetraazadecalin, has been synthesized. The new compound has several physical properties which are superior to RDX and HMX.
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INTRODUCTION
This paper describes the synthesis of a new explosive compound, trans-l,4,5,8-tetranitro-l,4,5,8-tetraazadecalin, 1 (TNAD). This molecule was chosen as a synthetic target for two reasons. First, it has both a good predicted density 1 ' 2 and good predicted detonation velocity. 3 The predicted density and predicted detonation velocity are summarized below the structure. Secondly, TNAD is structurally related to the highly sought after "Bicyclo-HMX (2, 4, 6, 8-tetranitro-2,4, e^-tetraaza-bicyclop. 3. Ojcyclooctane) ," 2, and it was hoped a successful synthesis of TNAD would shed some light on how to synthesize 2. 
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Three synthetic routes to TNAD were considered. The first route was based on a retro-synthetic analysis of TNAD into two molecules of ethylene dinitramine and a molecule of glyoxal as diagrammed in Scheme 1. It is known that dinitramines can be condensed with formaldehyde to give 1,3-dinitramines.^' 5 It was hoped that glyoxal would react similarly to formaldehyde. SCHEME 1. Retro-Synthetic Analysis of TNAD. HNO.
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RESULTS
ETHYLENE DINITRAMINE/GLYOXAL CONDENSATION ROUTE TO TNAD
The direct condensation of ethylene dinitramine and glyoxal to give TNAD was tried under a variety of conditions similar to those used by GoodmanNWC TP 6303
NITROLYSIS ROUTE TO TNAD
The second synthetic route to TNAD explored was the nitrolysis of t:rans-l,4,5,8--tetraacetyl-l,4, 5,8-tetraazadecal:Ln, 3. Several procedures were tried with the best being one developed by Gilbert and co-workers 13 for the conversion of 1,5-diacety1-3,7-dinitro-l,3,5,7-tetraazacyclooctane (DADN) to HMX. This procedure uses a mixture of trifluoroacetic anhydride (TFAA) and 100% nitric acid to generate N2O5. With the best conditions developed, only a low yield of the desired TNAD could be obtained. In addition, the product seemed to contain small amounts of the impurity, 1,4,5-trinitro-8-acetyl-l,4,5,8-tetraazadecalin, 7, since a small carbonyl peak was observed in the infrared spectrum of the product and a singlet at 2.2 ppm was observed in the ^H NMR spectrum of the product. These results are summarized in Scheme 4. The conversion of the tetranitroso compound to TNAD was initially attempted using the same conditions which Wright and co-workers used to convert R-salt to RDX.
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This involves adding 3-5% hydrogen peroxide to 100% nitric acid, then cooling this mixture to -30 o C for the addition of the nitrosoamine. Using this procedure, a good yield of a white solid was obtained. The % NMR spectrum clearly indicated that it was not the desired TNAD because the bridgehead proton appeared as an AB quartet. Considerable N-NO2 stretching was apparent in the 1R spectrum of the product and it was concluded that this material was /;rans-8-nitroso-l,4,5-trinitro-1,4,5,8-tetraazadecalin, 10. This reaction is summarized in Scheme 5. Wright and co-workers observed a similar occurrence in the conversion of R-salt to RDX. At short reaction times at low temperature the product obtained was the 1, 3-dii-iLtro-5-nitroso-l, 3, 5-hexahydrotriazine. This product was, however, readily converted to RDX when the final reaction temperature was raised to 0 o C or the reaction time at the lower temperature was increased. Applying these modifications to the reaction of compound 5, however, did not lead to a conversion of 10 into 1. In fact, the only result was to lower the yield of 10. There is good evidence ^R. that these reactions are nitrolysis reactions and not oxidations. It appeared then that an equilibrium condition is reached where the N0+ ions build up in solution to a point where they begin to compete for the ring nitrogen atoms, thus preventing the reaction from going to completion. If this was the case, the solution for converting 10 to 1 appeared to be to reintroduce the trinitro-nitroso compound, 10, to fresh 100% nitric acid. Indeed, when this was done a good yield of the desired TOAD was obtained as summarized in Scheme 6. In Scheme 7 the complete synthesis of TOAD from ethylene diamine and glyoxal is outlined. The overall yield for the four-step synthesis is 47%.
Several of the physical properties of TOAD have now been determined. These are summarized in Table 1 
Values of 2.13 for R and 58° for ty are calculated from Fuchs and Elleneweig's 11 values for the coupling constants. These values fall in the range typical for a puckered six-membered ring.
Since several steps occur in the conversion of TAD to TNAD where the possibility exists for epimerization of the bridgehead protons, we felt that it was necessary to clearly establish the stereochemisty of the ring fusion. The method chosen was to analyze the l E NMR spectrum of the ethylene fragment. In Scheme 8 the coupling constants and chemical shifts obtained from the analysis of the 200 MHz spectrum of TNAD are summarized. The spectrum was easily analyzed as an AA'BB 1 spectrum which clearly established the stereochemistry of the ring fusion as trans. In addition, they allow the R value and ip to be calculated, which gives some information on the shape of the six-membered ring in TNAD. The R value and ty calculated for TNAD are 1.23 and 49°, respectively. These values indicate that the six-membered ring has flattened, which is consistent with a change in hybridization of the ring nitrogens from sp 3 in the amine to sp 2 in the nitraamine.
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NWC TP 6303 SCHEME 9. Coupling Constants and Chemical Shifts for TNAD. After cooling 20 ml of 87% sulfuric acid to 0 o C, 0.70 g of glyoxal trimer (10 mmoles of glyoxal) was added. This mixture was stirred for 10 minutes then 3.0 g (20 mmoles) of ethylene dinitramine was slowly added over 10 minutes. The resulting mixture was stirred at 0 o C for 20 minutes then quenched on 20 g of ice. During the stirring, gas evolution occurred. The white solid product was collected by vacuum filtration, washed with water, and dried. It proved to be ethylene dinitramine (NMR).
In a modification of the above procedure 1.45 g of 40% aqueous glyoxal (10 mmoles) was substituted for the glyoxal trimer since it appeared that the trimer was insoluble in 87% sulfuric acid. The reaction was run identically to that described above. The product in this case was mainly ethylene dinitramine but it seems to contain some (10%) of diol 11. This diol, 5,6-dihydroxy-l,4-dinitro-l,4-diazacyclohexane, is the a^ition product of glyoxal and ethylene dinitramine. A solution of 3.45 g (50 mmoles) sodium nitrite and 1.42 g (10 mmoles) of 1,4,5,8-tetraazadecalin was prepared in a 125-ml erlenmeyer flask. The temperature was not allowed to exceed 5 0 C. It was cooled to -2 0 C and 50 ml of IN hydrochloric acid was added during the next 60 seconds. A white precipitate formed immediately. The mixture was stirred at 0 o C for 30 minutes, then at room temperature for 1 hour. The product was collected by vacuum filtration and washed well with water. It was dried overnight in a vacuum oven to give an off-white powder, which was suitable for further synthetic uses.
It weighed 2.35 g (9.1 mmoles, 91%) and decomposed at 211-212 0 C. It could be recrystallized from DMF/H2O to yield fine light-yellow needles. Twenty ml of trifluoroacetic anhydride were placed in a 100-ml r.b. flask. This was cooled to -5 0 C, and 10 ml of absolute nitric acid was added by drops over 20 minutes. This mixture was stirred for 20 additional minutes, then 1.0 g (3.2 mmoles) of 3 was added during the next 15 minutes. The cooling bath was removed and the mixture stirred at room temperature for 3 hours. The volatile materials were removed at reduced pressure (0 o C, 30 mm) and the residue poured onto 20 g of ice. A fine white precipitate formed which was collected and washed with water and dried. It weighed 0.12 g (0.37 ramole, 11%). This product was reasonably pure 1 contaminated with a little of the trinitroacetyl compound, as evidenced by a small peak in the IR at 1670 cm -1 and a small peak in the NMR at 2.2 ppm.
CONCLUSIONS AND FUTURE PLANS
A high-yield four-step synthesis of a new, potentially useful explosive compound (TNAD) has been developed. This compound has several desirable physical properties such as high density, high melting point, and low-impact sensitivity. The compound may find use in both explosive and propellant applications. Future plans include attempts to reduce the synthesis to a three-step process by combining the last two steps. An X-ray crystallographic study of hoth TNAD and its precursor, tvans-1,4,5,8-tetranitroso-l,4,5,8-tetraazadecalin, are planned. The crystal structure of TNAD will yield valuable information on the shape of the rings, the peri-interaction of the nitro groups, and on the crystal packing of the molecule.
